Abstract. In our previous papers, we had introduced the marker set distance matrix and its eigenvalues and the marker set Laplacian eigenvalues. Also, expressions for the characteristic polynomials of the marker set distance matrix and its Laplacian had been found. In this paper, we discuss the properties of the characteristic polynomials of M-set distance matrix and its Laplacian.
Introduction
The study of matrices associated with graphs involves the study of their characteristic polynomials. More often than not, the characteristic polynomial of a matrix reveals a lot of information about the underlying graph. The coefficients and roots of the characteristic polynomial are another set of parameters whose relation to the underlying graph is an interesting premise which we are looking in to in this paper. We refer the reader to our earlier papers [12] , [13] , [14] for next k 2 vertices at distance 2 from the set M and so on. The M-distance matrix is given by where j t 1 ×t 2 is a matrix of order t 1 × t 2 with all entries equal to j, 0 ≤ j ≤ m and t 1 ,t 2 ∈ {k, k 1 , k 2 , ....k m }. This is called the Standard form of marker set distance matrix.
where D M (G) is the marker set distance matrix in the standard form.
We recall a theorem.
Theorem 2.1.
[13] Let G be a simple connected graph on p vertices and M be a dominating marker set of G with |M| = k. Then the characteristic polynomial of the M-set Laplacian is
3. Main results Proof. Let G be a simple connected graph of order p with a dominating marker set M of cardinality k. Then the marker set distance matrix is given by Proof. Let G be a simple connected graph of order p and M be a marker set of cardinality k.
Let G have two nonzero real skew M-set distance eigenvalues say ±l. Then the corresponding M-set distance characteristic polynomial is The converse part can be proved by reversing the arguments in the proof above. Now, we define marker set distance isomorphic graphs.
Definition 3.1. Two simple connected graphs G 1 and G 2 are said to be marker set distance isomorphic if there exist marker sets
For any two marker set distance isomorphic graphs G 1 and G 2 with marker sets M 1 of M 2 respectively, the graph
A graph G is said to be determined by its spectrum if there exists no cospectral nonisomorphic pair. Such graphs are called DS graphs [19] .
We now define DS graphs with respect to their marker set distance spectrum as follows.
Definition 3.2.
A graph G with a marker set M is said to be marker set distance DS graph if there exists no marker set cospectral marker set isomorphic graph.
We have characterised the marker set distance spectrum as follows.
Theorem 3.3.
A simple connected graph G with a dominating set as a marker set is determined by its spectrum.
Proof. The proof is obvious from Theorem 3.2.
Lemma 3.4. A simple connected graph G with a dominating marker set has atmost four nonzero M-set distance Laplacian eigenvalues.
Proof. Let G be a simple connected graph on p vertices and M be a dominating marker set of G with |M| = k.
and hence has 3 nonzero roots. Therefore, G has 3 nonzero eigenvalues.
Case 2: Let k = 2. Then the characteristic polynomial of the M-set Laplacian is λ p + pλ p−1 − p(p − 2)λ p−3 and hence has 3 nonzero roots. Therefore, G has 3 nonzero eigenvalues.
and hence has 4 nonzero roots. Therefore, G with marker set M has 4 nonzero marker set eigenvalues.
Theorem 3.5. Let G be a graph on p vertices and M be a marker set of cardinality k 0 . Let
Then the characteristic polynomial of the marker set distance matrix is given by
where 2 ≤ i ≤ (r − 1) and 
Proof. The M-set distance matrix is given by
The characteristic polynomial can be written as 
Obviously, 
The characteristic polynomial of the M-set distance matrix is µ 5 − 34µ 3 − 60µ 2 − 24µ. We shall verify the previous theorem now.
According to the theorem, 
where 2 ≤ i ≤ (r − 1) . Hence, the theorem is verified.
Theorem 3.7 Let G be a simple connected graph on p vertices and M be a marker set of car-
The marker set distance Laplacian matrix of G has atleast r nonzero eigenvalues.
Proof. The marker set distance Laplacian matrix of G is given by
. . , k r ) are the only nonzero diagonal entries of the Laplacian, there are atleast r distinct rows and hence atleast r nonzero eigenvalues.
Lemma 3.8. Let G be a simple connected graph on p vertices and M be a marker set of cardinal-
is the marker set distance matrix in the standard form given by These minors sum to 
All minors of the form
each occurring k i k j times where 1 ≤ i ≤ (r − 1) and
Hence, the sum of all the 2 × 2 minors is 
